Abstract. We used long-term data on movements, survival, and reproduction of female red deer (Cervus elaphus Linnaeus) of the Isle of Rum, Scotland (1970 -2001 , to explain variation in life history (age at maturity) from a hind's access to habitat resources and exposure to local density, and cross-generational (maternal) effects on observed relationships. We described each hind's use of resources relative to availability in the study area from an individual-based resource selection function (RSF); we defined local density as the total number of hinds aged !1 year within the subpopulation cluster to which an individual belonged. The likelihood of a hind producing her first calf in the period from birth to the end of the summer in which she turned age 3 was positively related to relative use of Agrostis/Festuca grasslands and other low-elevation communities, and inversely related to a hind's mean annual local density. However, when we considered both a daughter's RSF and exposure to local density and her mother's RSF and exposure to local density, maternal data alone most parsimoniously explained variation in age at maturity of daughters. Mothers were able to lower age at maturity in their daughters in two, non-mutually exclusive ways. First, birth mass of daughters was inversely related to age at maturity, and mothers that used relatively less uplands (Calluna-dominated heath and heather moorland) and occupied areas of lower density produced larger offspring. Second, mothers could establish a home range that enabled daughters to mature in areas with access to high quality Agrostis/Festuca grasslands at low density. Lifetime reproductive success was inversely associated with a hind's age at maturity via extension of the reproductive life span. Longevity did not change in association with age at maturity. Patterns in how animals use available habitat resources may depend on that of previous generations, especially at larger scales of resource selection.
INTRODUCTION
Individual-based research programs in animal ecology have recently allowed us to test relationships between long-term proxies of fitness-including lifetime reproductive success (LRS)-and variables describing largescale habitat use (e.g., red deer, Cervus elaphus Linnaeus [Conradt et al. 1999 , McLoughlin et al. 2006 ; roe deer, Capreolus capreolus Linnaeus [Pettorelli et al. 2003 , Nilsen et al. 2004 , McLoughlin et al. 2007 ]; caribou, Rangifer tarandus Linnaeus [McLoughlin et al. 2005] ; migratory passerines [Fontaine and Martin 2007] ). This research raises several new questions about the relationship between individual fitness and an organism's use of habitat resources (the ''fitness-habitat association''). For example, how does foraging theory, primarily developed and tested using indirect proxies of fitness such as net energetic gain and short-term use of discrete foods or feeding patches (Stephens and Krebs 1986) , ''scale-up'' to larger spatial and temporal scales (e.g., the lifetime home range or resources used across a landscape through several breeding seasons)? What components of fitness respond to variation in resource use at different scales? Are there processes important to the fitness-habitat association at the large scale that may have been overlooked by researchers working on problems at smaller scales, processes now evident from long-term observation of individuals in the wild? A case in point regarding the latter may be the potentially important role of cross-generational (maternal) effects in how offspring later use habitat and develop life histories.
Maternal effects describe instances where the phenotype of the mother or the environment she experiences has a phenotypic effect on her offspring, independent of offspring genotype (Bernardo 1996) . Most published examples of maternal effects in the context of habitat treat a mother's use of available habitat resources (or resource covariates) as an underlying environmental effect. For example, the temperature of a nest site selected by females of many species of reptiles can 4 E-mail: philip.mcloughlin@usask.ca determine the sex of offspring (Roosenburg and Niewiarowski 1998) , or maternal resource use might underlie maternal effects important to traits of dominance or life history by enabling mothers to give birth to larger offspring through sequestering more food during gestation (e.g., savannah baboons, Papio cynocephalus Linnaeus; Altmann and Alberts 2005) . However, it is also possible that maternal use of available resources can influence patterns of resource use later observed in offspring, and therefore the fitness-habitat association in offspring. For example, offspring may copy the way in which their mother uses available resources, or, mothers, through establishing bounds of the home range, may act to restrict the functional availability of resources and thus later resource ''selection'' patterns of their progeny, especially if offspring show natal philopatry.
Here we demonstrate associations between individual characteristics important to fitness (morphometric and life history traits) and an animal's relative use of available habitat resources at the landscape level, and ask how relationships in offspring might be influenced by patterns in habitat use expressed first by their mothers. We base our analysis on long-term movements and life histories of female red deer (Cervus elaphus Linnaeus) of the Isle of Rum, Scotland (see Plate 1). This population has been the subject of intense, individual-based study since the late 1960s (CluttonBrock et al. 1982) . Previous work has shown that at the landscape level an individual's multivariable resource selection function (RSF; Manly et al. 2002) and exposure to local density (proximity to conspecifics) can explain significant variation in LRS (McLoughlin et al. 2006) . Further, the strength of maternal effects (measured as the variance explained in a trait by maternal identity divided by total phenotypic variance of a trait) has been reported for several morphometric and life history traits of study animals (Kruuk et al. 2000) . We take a life history trait (age at maturity) shown by Kruuk et al. (2000) to have a weak maternal effect and demonstrate how it may yet be influenced by maternal identity through a relationship with a life history trait shown by Albon et al. (1987) and Kruuk et al. (2000) to have a strong maternal effect (birth mass).
We then include what we suspect to be the underlying environmental basis of the observed maternal effect in birth mass-variables describing maternal habitat use and exposure to local density (''the maternal environment'')-as predictors in a model explaining variation in age at maturity of offspring. We show how the maternal environment explains considerably more variation in age at maturity of daughters than does birth mass. We attribute the extra variation in a daughter's age at maturity explained by the maternal environment to ''inherited'' patterns in the RSF expressed by the daughter after she is born (from birth to the population mean age at maturity).
METHODS

Study area and sampling
Data were collected by recorders of Cambridge University in a 14-km 2 study area on the Isle of Rum, Scotland (57801 0 N, 06817 0 W, NM-402996), from 1970 to 2001. The northern boundary of the study area followed ;3.5 km of coastline from Kilmory Bay to Rubha Shamhnan Insir. Movements of hinds were largely contained along the seashore and a 4-km section of the Kilmory River (Kilmory Glen), which drains the surrounding hills (elevation ;300 m) and empties into Kilmory Bay. We classified vegetation into five types following Clutton-Brock et al. (1982) . Grasslands dominated by Agrostis and Festuca spp. (Agrostis/Festuca grassland) occurred near the coast at Kilmory Bay and Shamhnan Insir, and along Kilmory Glen. The community was composed of two subtypes (combined for analysis): G1 grassland (short greens) occurring in well-drained soils and calcareous dunes relatively high in pH, and G2 grassland (long greens), which occurred in more acidic soil along edges of streams and the Kilmory River (Upper and Lower Glen). Other vegetation associations in the study area, supporting lower quality forage compared to G1/G2 grasslands (Clutton-Brock et al. 1982 , included Juncus-dominated marshland along the Kilmory River and expanses of Moliniadominated flush and Calluna-dominated heath and heather moorland in the glen and surrounding hills. Eriophorum-dominated bog (blanket bog) occurred in small patches throughout the study area.
The study area supported between 200 and 400 red deer (50-200 hinds) in a natural state (free range, unculled since 1972). Through regular, ground-based censuses (47 6 2.6 censuses/year, mean 6 SD), observations of large-scale resource use (occupancy of 1-ha grids in the study area) and morphometric and life history data were compiled for hinds in the study area. Clutton-Brock et al. (1982) provides a detailed description of the deer population and sampling protocol.
Resource selection functions (RSF)
We quantified landscape-level, multivariable use of habitat features in the study area by computing a series of individual-based resource selection functions (RSFs; Manly et al. 2002) . A RSF is calculated by comparing the known distribution of resource use by an animal to that expected from random. At the landscape level, locations used by animals (e.g., points in space or pixels of land) may be conceived as resource units, described by ''resource variables'' (e.g., patch or vegetation association) or modifying covariates (e.g., elevation, slope, distance to water). A number of techniques are available to estimate the RSF (Manly et al. 2002) . A common approach (applied here) assumes an exponential or log-linear structure: for a vector of predictor resource variables or covariates associated with resource units (sites). Sites where an individual is present are coded 1, whereas a random sample (or all possible sites) are coded 0. The model coefficient, b i , for the ith resource covariate, x i , is estimated using the corresponding coefficient from logistic regression. Although primarily computed from individual-pooled data sets (Boyce et al. 2002) , there is no reason that a RSF cannot be computed for individuals (McLoughlin et al. 2006 ). For individualbased RSFs, the set of b coefficients, b j , will describe an animal's unique pattern in relative resource use.
We compiled census observations of red deer into 100 3 100 m census blocks (resource units) within the study area. Attributes of census blocks included proportions of the main vegetation types occurring on Rum. For each hind, we estimated two RSFs: one RSF that considered the movements of deer up to and including the end of the summer (30 September) in which an animal turned age 3 (38-40 months), which corresponded to the end of summer prior to the population mean age at maturity; and a lifetime RSF (McLoughlin et al. 2006) . We defined use of resource units from sightings at census blocks and availability of resource units from a random sample of the totality of census blocks where hinds were observed to occur (1377 blocks [ha] ). We used a 1:5 ratio of used : available resource units in estimating RSFs to ensure comparability of model coefficients among hinds (McLoughlin et al. 2006) . Proportional availability of vegetation types stabilized after randomly sampling approximately 100 resource units (McLoughlin et al. 2006) ; hence, the minimum number of locations considered per analysis (per hind) was 20 locations ( 4 years, 136 6 58 sightings/hind; lifetime, 341 6 208 sightings/hind, mean 6 SD). In specifying equal availability of resource units for all hinds we did not consider individual variation in functional responses in habitat use (Mysterud and Ims 1998) . By not constraining availabilities of resource units to a hind's home range, interpretation of the strength of individual-based coefficients of RSFs remained comparable among hinds, although this was restricted to interpretation only at the landscape level. Note that in computing individual-based RSFs we used logistic regression as an estimating function and not for statistical inference (Boyce et al. 2002:282) . We used only animals for which nonzero use of all vegetation types was recorded, as zero use of a resource results in an extreme negative coefficient in the estimating function (we removed two hinds from analysis).
Age at maturity and birth mass
Age at first parturition showed limited variation in red deer (4.05 6 0.84 years, mean 6 SD, n ¼ 415 individuals; Fig. 1 ), and initial analyses suggested models based on the continuous distribution of age at maturity (as a dependent variable) would be underdispersed. However, it was possible to divide the sample into hinds that produced a calf before age 4 and those that failed (Clutton-Brock et al. 1985) , including females that failed to produce any calves during their lifetime despite being alive to produce a calf at age 3. Through a relationship with reproductive life span, age at maturity was expected to inversely relate to composite proxies of fitness like LRS (the number of offspring born to a hind that survived at least until age 2). We first tested whether this was the case in red deer by comparing the mean LRS (mean and 95% CI) of individuals producing their first calf before age 4 (whether or not the calf survived to recruitment at age 2) to those that failed, taking into consideration any differences in longevity between the two groups (this was tested for and found not to exist, see Results).
We estimated birth mass of offspring from residuals of the relationship between mass (kilograms) at first measurement and hours since birth. Birth mass of red deer on Rum was shown by Albon et al. (1987) and Kruuk et al. (2000) to have a strong maternal effect, but we suspected that variation in age at maturity in daughters, although not shown to have a significant maternal effect by Kruuk et al. (2000) , might yet be explained by variation in birth mass. We tested whether birth mass was a significant predictor of the odds of a daughter reproducing prior to age 4 using logistic regression.
Relationships with habitat and density Kruuk et al. (2000) suggested that a higher frequency of maternal effects in female than male life history traits was the result of females sharing home ranges of differing quality with their mothers, implying an underlying environmental effect associated with higherorder resource selection. To test such an environmental basis for Kruuk et al.'s observed maternal effect in birth mass, we used multiple regression to relate birth mass of an offspring to variables describing the lifetime RSF of its mother (the set of b coefficients, b j ). We knew that FIG. 1. Distribution of age at maturity (age at first parturition) in red deer hinds (n ¼ 415 individuals) of the Isle of Rum, Scotland, 1970 -2001 density might also play an important role as an environmental effect in this population (Clutton-Brock et al. 1982 , Coulson et al. 1997 , Kruuk et al. 1999 , McLoughlin et al. 2006 ; hence, we also included local density experienced by mothers over their lifetime as a predictor in the model. Further, we suspected that density dependence would operate in different ways depending on observed use of habitat (McLoughlin et al. 2006) , and so we included a limited number of interactions between the maternal RSF and density on birth mass (i.e., density 3 b coefficients for two opposed vegetation associations: Calluna-dominated moorland [b Call ] and Agrostis/Festuca grassland [b A/F ]). We defined local density of an individual as the total number of hinds aged !1 year within the coarse-scale, subpopulation cluster to which an individual belonged, determined from spatial hierarchical cluster analysis and averaged over all years of life (''scalar 90'' of Coulson et al. 1997 ). Because we used lifetime means in estimating the maternal environment, predictors in the model described the average state of the environment experienced by an animal. We used Akaike's information criterion adjusted for sample size (AIC c ; Burnham and Anderson 2002) to discriminate among models of b j only, density only, b j þ density, b j 3 density, and the null. Here and throughout this study we did not use AIC c to distinguish among all possible combinations of variables of resource use (b coefficients of the RSF) to include in a model set, as the number of combinations was unwieldy (sometimes offering exceedingly small differences in DAIC c ) and uninformative compared to differences associated with other variables like density.
We then tested whether the maternal environment could explain variation in offspring age at maturity. We used logistic regression to estimate the odds of a daughter producing a calf prior to age 4 (coded 1) or not (coded 0) from the set of b coefficients (b j ) describing the maternal RSF and local density, and interactions of b Call 3 density and b A/F 3 density (as before). We used AIC c to identify the most parsimonious subsets of the most complex model considered.
Daughters could influence their own age at maturity through interacting with the environment after being born. We used logistic regression to determine the odds of a hind producing a calf prior to age 4 given its RSF computed using data from birth until the end of summer in which a hind turned three years, plus the additive effect of mean local density experienced by hinds during the same period, and second-order effects of b Call 3 density and b A/F 3 density (again carrying out model selection using AIC c ).
To help us interpret the relative importance to age at maturity of the maternal environment vs. the environment experienced by a daughter after birth, using AIC c we compared candidate logistic regression models describing the relationship between age at maturity (,4 yr, coded 1; !4 yr, coded 0) and predictor variables of top-ranked models of b j and density presented in At the landscape level, cross-generational effects in habitat use on age at maturity may also be due to factors such as a daughter's fidelity to the maternal home range in the study area. Indeed, in the first year of life daughter-mother movements are expected to be highly correlated. In females, some degree of natal philopatry is expected (Clutton-Brock et al. 1982) . To assess the extent of maternal influences on higher-order RSFs in red deer (maternal effects in habitat use), we compared associations between b j of mothers (lifetime) and daughters (first 38-40 months) using the Pearson product-moment correlation. RSFs of female red deer at this scale have already been shown to have a significant effect on total fitness, measured as LRS (McLoughlin et al. 2006) .
Statistical analyses were conducted using SPSS version 13.0 (SPSS, Chicago, Illinois, USA) to develop individual-based resource selection functions and the open-source programming application R, version 2.4.1 for all other analyses (available online).
5 Relevant R software included that of the MASS library (Venables and Ripley 2002) . Tolerances among all additive effects included for analysis were .0.20.
RESULTS
We were able to determine both LRS and whether a calf was born prior to age 4 for 241 female red deer. Females calving for the first time before age 4 produced 2.09 6 0.49 offspring (mean and 95% CI) surviving at least to age 2 (recruits) during their lifetime (n ¼ 44 females). Females that lived at least to the end of the summer in which they turned three years but failed to produce a calf during that period, raised on average 1.32 6 0.18 recruits during their lifetime (n ¼ 197) . This number increased to 1.39 6 0.18 recruits if we excluded data from 12 females that failed to produce any calves during their lifetime (despite being alive to produce a calf at least at age 3). Mean lifespan between the two groups (those producing calves before vs. at or after age 4) did not significantly differ (11.61 6 1.48 vs. 11.32 6 0.58 [mean and 95% CI], respectively); hence, we can conclude that hinds producing their first calves relatively early in life benefited from a longer reproductive life span with no associated increase in longevity.
Birth mass was a significant predictor of the odds of a female reproducing prior to age 4 (n ¼ 415, log-odds ¼ 0.234 6 0.111 [b 6 SE], odds ratio ¼ 1.264 [e b ], Wald statistic ¼ 4.49, P ¼ 0.034). Mass of 875 offspring at birth was significantly related to their mother's RSF and local density ( Table 1) . Coefficients of the top three AIC c models, which were all relatively close to each other, suggested that as mothers used relatively less uplands (Calluna-dominated moorland) and were exposed to lower density, birth mass of their offspring increased (Table 2) . R 2 of the top model was 0.075. Models 2 and 3 supported interactions between RSF coefficients for Agrostis/Festuca grassland and density and Callunadominated habitat and density on offspring birth mass, although in both cases second-order terms were not significant (Tables 1 and 2) .
Like birth mass, a daughter's age at maturity also related to the maternal environment (Table 3) . We identified 128 offspring with known age at maturity having mothers for which we could compute a RSF and estimate local density. The top-ranked model, which was twice as likely as that of the next best model ( Table 3 ), indicated that odds of a daughter producing her first calf prior to age 4 was related to a mother's increased relative use of Agrostis/Festuca grasslands (with a particularly strong effect size), Juncus marsh, and Molinia flush; by relatively less use of Calluna-dominated heath and heather moorland by mothers; and by maternal exposure to local density (Table 4) . R 2 of this model was 0.551 (Nagelkerke R 2 ; Nagelkerke [1991] ). The interaction contained in the second-ranked model suggested some dependency of RSF coefficients for Agrostis/Festuca grassland on density in terms of reducing age at maturity (Table 3) , although this term was nonsignificant (P . 0.10). Notes: The number of model parameters is denoted by k. The parameter D i AIC c refers to the change in AIC c between model i and the model with lowest AIC c score. AIC c weights (w i ) sum to 1.0 over considered models.
For models with interactions, first-order terms of interacting parameters are included in model subsets.
A daughter's own RSF and exposure to local density both related to the timing of her age at maturity (Table  5) . A hind was significantly more likely to produce a calf before age 4 if, during the period up to and including the end of the summer in which she turned three years, she had high values of b A/F (Table 6 ). Likelihood of producing a calf before age 4 was also significantly enhanced by use of vegetation communities associated with the lower elevations of Kilmory Glen, including Juncus-dominated marsh and Molinia-dominated grasslands (Table 6) . As a hind's exposure to high local density increased, the likelihood of her reproducing for the first time before age 4 significantly decreased (Table  6 ). R 2 of the best model was 0.277 (Nagelkerke R 2 ; Nagelkerke [1991] ). There was some support for an interaction between a daughter's b A/F and density on her age at maturity (Table 5 ), but again this interaction term was nonsignificant (P . 0.10).
When we considered mother-daughter pairings (a daughter's RSF and exposure to local density and her mother's RSF and exposure to local density on daughter's age at maturity), maternal data alone most parsimoniously explained variation in whether or not a daughter would produce her first calf before age 4 (Table  7) . Competing models were restricted to additive effects based on results presented in Tables 3 and 5 . Lifetime patterns in the maternal RSF were highly correlated with that of their daughters during the first four years of life (main diagonal in Table 8 ).
DISCUSSION
Interrelationships observed in this study remind us of the importance of habitat and modifying processes like competition in ecology. As reflected in patterns of the RSF, female red deer were able to affect their own and their offspring's fitness in two, non-mutually exclusive ways. First, birth mass of daughters inversely related to age at maturity, and mothers that used relatively less upland habitat (Calluna-dominated heath and heather moorland) and occupied areas of less density produced larger offspring (a maternal effect in birth mass). Second, mothers could establish a home range that enabled daughters to mature in areas with access to high quality Agrostis/Festuca grasslands at low density (a maternal effect in habitat use). Our analyses also suggest that there is some evidence that benefits of habitat use on offspring traits interacted with density, which is consistent with McLoughlin et al.'s (2006) observation of density dependence in the relationship between fitness and habitat selection. Further, we showed that LRS was inversely associated with a hind's age at maturity through extension of the reproductive life span. Individual-based RSFs examined in this study have already been shown to directly relate to LRS (McLoughlin et al. 2006) .
Several authors have proposed that the maternal environment is likely to underlie observed maternal effects in morphometric traits like birth mass (Reinhold 2002) . Clear identification of variables associated with Notes: The number of model parameters is denoted by k. The parameter D i AIC c refers to the change in AIC c between model i and the model with lowest AIC c score. AIC c weights (w i ) sum to 1.0 over considered models.
For models with interactions, first-order terms of interacting parameters are included in model subsets. Note: Estimates correspond to the top three models in Table 1 . * P , 0.05; ** P , 0.01.
environmental effects (i.e., variables other than maternal identity), however, has not been common. In wild ungulates, Mech et al. (1991) showed that maternal and grandmaternal nutrition affected mass of whitetailed deer (Odocoileus virginianus Zimmerman [Mech et al. 1991] ). And Nilsen et al. (2004) suggested that composition of the maternal home range of roe deer (Capreolus capreolus Linnaeus) in winter affected a fawn's mass in August, perhaps by influencing the timing of a mother's birth. Further, Saether and Heim (1993) showed that winter calf mass in moose (Alces alces Linnaeus) was related to biomass of herb species in the mother's summer home range. Our results agree with these studies by suggesting the condition of a mother's home range (landscape-level RSF) is likely to influence the size of her offspring, although the small R 2 associated with the observed relationship suggests that the main factor(s) of variation in birth mass were not included in the model (e.g., among-year effects due to climatic variation [Clutton-Brock and Albon 1989] ). Our results differ from previous analyses by suggesting that maternal use of habitat can also influence other traits of offspring life history, like age at maturity (which relates to offspring LRS), and by clearly outlining the mechanisms by which this is likely to occur (i.e., via relationships with birth mass but also through constraints imposed on an offspring's future access to resources by the maternal RSF). Female red deer show high natal philopatry (CluttonBrock et al. 1982) ; hence, large-scale patterns in maternal RSFs were expected to influence those of their daughters. This type of maternal environmental effect has only recently been proposed as a mechanism to explain variation in spatial heterogeneity in a long-term proxy of fitness. Maternal influences on daughter habitat use were suggested by McLoughlin et al. (2007) to explain recent observations of heterogeneity in LRS of roe deer associated with variation in composition of the home range. McLoughlin et al. showed that roe deer occupying home ranges containing forest openings (meadows) produced more than twice as many recruits as those that did not. The sedentary nature of roe deer (Strandgaard 1972) may have influenced results by increasing among-individual variation in resource selection patterns. Higher-order resource selection in roe deer was likely constrained by factors independent of individual behavior, with the obvious maternal contributing factor of where an individual was born. We probably observed a similar phenomenon here, suggesting an important role for natal philopatry on the relationship between life history parameters and habitat use at larger scales. Notes: Data are relevant from birth to the end of the summer in which a hind turns age 3. The number of model parameters is denoted by k. The parameter D i AIC c refers to the change in AIC c between model i and the model with lowest AIC c score. AIC c weights (w i ) sum to 1.0 over considered models.
For models with interactions, first-order terms of interacting parameters are included in model subsets. 
The model describes the relationship between age at maturity (,4 yr, coded 1; !4 yr, coded 0) and predictor variables of the large-scale RSF (b j ) and mean local density (from birth to end of summer in which a hind turned age 3) of red deer (n ¼ 241) of the Isle of Rum, Scotland, 1970 -2001 (Nagelkerke R 2 ¼ 0.277 [Nagelkerke 1991] ). What is not known about maternal effects and habitat use is the extent to which patterns in RSFs might be conferred to offspring from their mothers based on learning, as opposed to simple natal philopatry. This question speaks to the concepts of natal habitat preference induction (Davis and Stamps 2004) and ''learning the ecological niche'' (Slagsvold and Wiebe 2007) . At the very finest scales of resource selection (e.g., selection of foods to eat or microsites to occupy), it is easy to imagine that through learning by offspring, maternal resource use might influence the later selection patterns of offspring, and thus life history and fitness of the next generation. Foraging cultures and social learning in primates provide good examples of this potential (e.g., chimpanzees [Pan troglodytes Blumenbach], Whiten et al. 1999; orang-utans (Box and Gibson 1999, Slagsvold and Wiebe 2007) ; nor is it necessary that this occur only at the finest scales of resource selection. For roe deer examined by McLoughlin et al. (2007) , for example, it is possible that fawns born to females possessing home ranges with openings in the forest dispersed to seek out similarly structured home ranges to occupy as adults. Generational transfer of information at the large scale is also possible in red deer of this study; however, it is more likely that factors such as where or to what group an animal was born were more important.
Our results raise questions about why hinds with inferior ranges remain in those ranges. Female red deer on Rum exist in very stable matrilineal groups, and dominance relationships have been mapped for a large proportion of females observed in this study (CluttonBrock et al. 1984 , Thouless and Guinness 1986 , Thouless 1990 . Dominance relationships established early in life appear to be perpetuated regardless of differences in body size later in life, with the result that among hinds known to each other, full-scale and dangerous conflicts are few (Thouless 1990 ). This is not the case for interacting hinds that have not previously met (Thouless 1990) . The relative costs to hinds of remaining in a home range of inferior quality may thus be lower than moving to a new area where dominance relationships are not known and risks of dangerous conflict is higher.
Similar to other maternal effects (e.g., McAdam et al. 2002 , Wilson et al. 2005 , maternal effects related to habitat are likely to be composed of both environmental and genetic components. For instance, maternal exposure to conspecific or predator density (aspects of the maternal environment) may influence a mother's expression of the RSF (e.g., density dependence in resource selection [review in Rosenzweig 1991] or predation-sensitive foraging [reviews in Sinclair and Arcese 1995, Miller 2002] ). Further, animals are likely to be selected for on the basis of having the ability to adapt their resource selection to maximize fitness when confronted by processes like competition or predation Notes: Competing models were restricted to parameters contained in the top-ranked models of Tables 3 and 5. There were 128 motherÀdaughter pairings used in this analysis. The number of model parameters is denoted by k. The parameter D i AIC c refers to the change in AIC c between model i and the model with lowest AIC c score. AIC c weights (w i ) sum to 1.0 over considered models. Parameters of Model 1 are presented in Table 4 . (e.g., adaptive animal behavior [review in Dall et al. 2005] ). Separating environmental and genetic components of maternal effects in habitat use presents an intriguing line of future research. Our observation of cross-generational effects on the link between life history traits and landscape-level patterns in habitat use is novel. It may be that the importance of these maternal effects is scale dependent, but regardless, our results have implications for how we currently define and think about ''resource selection.'' The consensus definition of resource selection describes the process as a series of innate and learned behavioral decisions (Johnson 1980 , Hall et al. 1997 , Manly et al. 2002 , Morris 2003 . Our results expand this definition to include inherited patterns of use of available resources from parents, which may be particularly relevant to understanding the basis of higher-order resource selection. We contend that the link between fitness and habitat does not depend solely on the innate and learned responses of animals to conditions of habitat and density, but rather that this link is also a function of the responses of previous generations to resource availability and ecological processes like competition or predation. The effect of this inertia on the fundamental link between individual performance and resource selection requires further research.
Questions about maternal effects and the link between fitness and habitat have come about because of the recent use of individual-based models in ecology. Following individuals over long periods of time, in addition to providing information on higher-order resource selection (temporal and spatial scales of habitat selection are linked; Senft et al. 1987) , allows us to consider generational proxies of fitness like LRS or its components in how individuals respond to their biotic and abiotic environment. Yet, individual-based research on the fitness-habitat link suffers from a lack of theory specific to larger ecological scales. Despite recent research in this area, it remains to be seen how foraging theory might scale-up to higher orders of resource selection. At the very least, the multivariable complexity of large-scale habitat use and the importance of factors like cross-generational effects on observed patterns will need to be considered.
